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Foreword

The U.S. Army Corps of Engineers’ River Analysis System (HEC-RAS) is
software that allows you to perform one-dimensional steady and
unsteady flow river hydraulics calculations, sediment transport-mobile
bed modeling, and water temperature analysis. The HEC-RAS
software supersedes the HEC-2 river hydraulics package, which was a
one-dimensional, steady flow water surface profiles program. The
HEC-RAS software is a significant advancement over HEC-2 in terms of
both hydraulic engineering and computer science. This software is a
product of the Corps’ Civil Works System Wide Water Resources
Research Program (SWWRP).

The first version of HEC-RAS (version 1.0) was released in July of
1995. Since that time there have been several releases of this
software package, including versions: 1.1; 1.2; 2.0; 2.1; 2.2; 3.0, 3.1,
and now version 4.0 in November of 2006.

The HEC-RAS software was developed at the Hydrologic Engineering
Center (HEC), which is a division of the Institute for Water Resources
(IWR), U.S. Army Corps of Engineers. The software was designed by
Mr. Gary W. Brunner, leader of the HEC-RAS development team. The
user interface and graphics were programmed by Mr. Mark R. Jensen.
The sediment transport interface module was programmed by Stanford
Gibson. The interface for channel design/modifications was
programmed by Cameron Ackerman. The steady flow water surface
profiles module and a large portion of the unsteady flow computations
modules was programmed by Mr. Steven S. Piper. The unsteady flow
equation solver was developed by Dr. Robert L. Barkau. The stable
channel design functions were programmed by Mr. Chris R. Goodell.
The routines that import HEC-2 and UNET data were developed by Ms.
Joan Klipsch. The routines for modeling ice cover and wide river ice
jams were developed by Mr. Steven F. Daly of the Cold Regions
Research and Engineering Laboratory (CRREL).

Many of the HEC staff made contributions in the development of this
software, including: Vern R. Bonner, Richard Hayes, John Peters, Al
Montalvo, and Michael Gee. Mr. Darryl Davis was the director during
the development of this software.

This manual was written by Mr. Gary W. Brunner. Chapter 13 was
written by Cameron Ackerman and Gary W. Brunner. Chapter 15 was
written by Mr. Chris R. Goodell. Chapters 17 and 18 were written by
Stanford Gibson. Chapter 19 was written by Cindy Lowney.
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Chapter 1 Introduction

CHAPTER 1

Introduction

Welcome to the U.S. Army Corps of Engineers River Analysis System
(HEC-RAS) developed by the Hydrologic Engineering Center. This
software allows you to perform one-dimensional steady flow, unsteady
flow calculations, sediment transport/mobile bed computations and
water temperature modeling.

The HEC-RAS modeling system was developed as a part of the
Hydrologic Engineering Center's "Next Generation" (NexGen) of
hydrologic engineering software. The NexGen project encompasses
several aspects of hydrologic engineering, including: rainfall-runoff
analysis (HEC-HMS); river hydraulics (HEC-RAS); reservoir system
simulation (HEC-ResSim); flood damage analysis (HEC-FDA and HEC-
FIA); and real-time river forecasting for reservoir operations (CWMS).

This chapter discusses the general philosophy of HEC-RAS and gives a
brief overview of the capabilities of the modeling system.
Documentation for HEC-RAS is discussed, as well as an overview of
this manual.

Contents

e General Philosophy of the Modeling System
e Overview of Program Capabilities

o HEC-RAS Documentation

e Overview of This Manual
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General Philosophy of the Modeling System

HEC-RAS is an integrated system of software, designed for interactive
use in a multi-tasking environment. The system is comprised of a
graphical user interface (GUI), separate analysis components, data
storage and management capabilities, graphics and reporting facilities.

The HEC-RAS system contains four one-dimensional river analysis
components for: (1) steady flow water surface profile computations;
(2) unsteady flow simulation; (3) movable boundary sediment
transport computations; and (4) water quality analysis. A key element
is that all four components use a common geometric data
representation and common geometric and hydraulic computation
routines. In addition to the four river analysis components, the
system contains several hydraulic design features that can be invoked
once the basic water surface profiles are computed.

The current version of HEC-RAS supports Steady and Unsteady flow
water surface profile calculations; sediment transport/mobile bed
computations; and water temperature analysis. New features and
additional capabilities will be added in future releases.

Overview of Program Capabilities

HEC-RAS is designed to perform one-dimensional hydraulic
calculations for a full network of natural and constructed channels.
The following is a description of the major capabilities of HEC-RAS.

User Interface

The user interacts with HEC-RAS through a graphical user interface
(GUI). The main focus in the design of the interface was to make it
easy to use the software, while still maintaining a high level of
efficiency for the user. The interface provides for the following
functions:

e File management

¢ Data entry and editing

e River analyses

e Tabulation and graphical displays of input and output data
e Reporting facilities

e On-line help

1-2
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River Analysis Components

Steady Flow Water Surface Profiles. This component of the modeling
system is intended for calculating water surface profiles for steady
gradually varied flow. The system can handle a full network of
channels, a dendritic system, or a single river reach. The steady flow
component is capable of modeling subcritical, supercritical, and mixed
flow regime water surface profiles.

The basic computational procedure is based on the solution of the one-
dimensional energy equation. Energy losses are evaluated by friction
(Manning's equation) and contraction/expansion (coefficient multiplied
by the change in velocity head). The momentum equation is utilized in
situations where the water surface profile is rapidly varied. These
situations include mixed flow regime calculations (i.e., hydraulic
jumps), hydraulics of bridges, and evaluating 